In previous works from our laboratory (1-3) we reported that 4-diazoimidazole-5 carboxamide (diazo-ICA) and 4-(mono or di-substituted) triazenoimidazole-5-carboxamide (mono or dialkyl-TICA) showed marked inhibitory effects on the growth of tumors and bacterial cells.
In previous works from our laboratory (1-3) we reported that 4-diazoimidazole-5 carboxamide (diazo-ICA) and 4-(mono or di-substituted) triazenoimidazole-5-carboxamide (mono or dialkyl-TICA) showed marked inhibitory effects on the growth of tumors and bacterial cells.
During examination of their toxicity in mice, behavioral sedation caused by these compounds was also observed (2) . These observations led us to investigate the pharma cological properties of these compounds.
The present report is on the effects of these compounds on the respiration, blood pressure, peripheral blood vessel and isolated intestine of the rabbit and the electro encephalogram (EEG) and electrocardiogram (EEG) of cats.
MATERIALS AND METHODS
The effects of these compounds on the blood pressure and the respiration were deter mined on male rabbits weighing 2.0-2.5 kg under anesthesia with 1.0-1.5 g/kg of urethane. The drugs were injected via an indwelling catheter in the left jugular vein. Isolated rabbit ear was perfused by the method of Krawkow-Pissemski, and experi ments on isolated rabbit intestine by the Magnus method.
For EEG experiments, twenty cats of both sexes (3-5 kg) were used. Under ether anesthesia, a tracheal cannula was introduced and also a polyethylene tube was secured in the right femoral vein for the injection of drugs. The animal was fixed in a Todai Noken type stereotaxic instrument. It was curarized with Flaxedil (5 mg/kg i.v.) and subjected to artificial respiration.
Subcortical recording electrodes were inserted into the hypothalamus (Hypo), amyg dala (Amy), hippocampus (Hippo), reticular formation (RF) and N. ventralis postero lateralis (VPL). Cortical electrodes were inserted through burr holes in the skull to record from frontal (F), temporal (T), occipital (0) and parietal (P) regions. The earthing electrode was inersted into the bone overlying the frontal sinus.
To prepare isolated brain, the neck muscles were dissected away from the occipital region of the skull, the occipital joint was exposed and dura incised between the foramen magnum and the first cervical vertebra (C1-Section).
A nine-channel electroencephalograph (San-ei Instrument Co., Ltd, Model EG-900) was used for EEG recording.
AICA derivatives were synthesized by Prof. Dr. Z. Horii, Department of Medicinal Chemistry, Faculty of Pharmaceutical Sciences, Osaka University. The compounds used are presented in Table 1 . 
Effect on the blood pressure and respiration of rabbits
The dose level of each compound used was equimolar to 1.0 mg/kg of diazo-ICA. Dimethyl-TICA (1.4 mg/kg) and diazo-ICA (1.0 mg/kg) had no effect on arterial blood pressure. Diethyl-TICA (1.6 mg/kg), di propyl-TICA (1.8 mg/kg), dibutyl-TICA (2.0 mg/kg) and diamyl-TICA (2.2 mg/kg) caused drops in the blood pressure to levels of 10 mmHg, 12 mmHg, 18 mmHg, respec tively, but did not affect respiration, as shown in Figs. 1 and 2 .
The decrease in the blood pressure caused by dipropyl-, dibutyl and diamyl TICA lasted for about 5, 6 and 7 minutes, respectively.
These results indicate that increase in the number of carbon atoms in the alkyl chain of these compounds results in an increase in their depressor activity.
In spinal rabbits, as shown in Fig. 3 
Effect on peripheral blood vessel of rabbits
The concentrations of the compounds perfused were equimolar with diazo-ICA 2.0 mg and test compounds, dissolved in Locke-Ringer solution, were introduced into the perfusate at a rate of 1.0 ml/ 10 seconds. 
Effect on isolated rabbit intestine
The test compounds dissolved in Tyrode solution were tested by adding them to the medium at a final concentration of 1 x 10' M.
Both the motility and the tone of the intestine were reduced by exposure to all the compounds tested at this concentration except diazo-ICA and dimethyl-TICA (Fig. 5 ).
The smooth muscle depressing activity of these compounds increased in the number of their alkyl carbon atoms. 
Effects on the EEG and ECG of cats
The effects of dimethyl-, diethyl-, dipropyl-, and dibutyl-TICA on the EEG and ECG were examined.
Immediately after the administration of 10 mg/kg of dimethyl-TICA, the EEG of the Hippo flattened for 30 seconds and 100-150 1N, 12-13 c/s waves appeared in 1F and 1 P. 2) Diethyl TICA ( Fig. 7) The administration of 10 mg/kg of diethyl-TICA caused a similar flattening to dimethyl-TICA.
3) Dipropyl TICA (Fig. 8) On administration of 10 mg/kg of dipropyl-TICA, the subcortical EEGs became flattened for 2 minutes but returned to the control level within 5 minutes. 5) Diazo-ICA (Fig. 10) A similar pattern was obtained with 4.5 mg/kg of diazo-ICA. In this case, the flat pattern of Hippo, persisted for 6 minutes and returned to the control level after 20 minutes.
6) Dialkylamine
The administration of 5.5 mg/kg (equimolar with dibutyl-TICA 10 mg/kg) of dibu tylamine did not cause a flattening. However, 10 seconds after the administration, sharp waves (350,uV, 11 c/s) appeared and 1-2 minutes later, slow waves (50 ,aV, 4 c/s) appeared. These patterns persisted for 4 minutes and then returned to the control pattern. These results are summarized in Table 2 , which shows that with increase in the number of carbon atoms in the alkyl chain of these compounds there was an increase in EEG depression, and that dibutyl-TICA and diazo-ICA caused a slow pulse in the ECG. The data also show that diazo-ICA caused greatest EEG depression. 
DISCUSSION
Until recently there has been little information available on the pharmacological properties of triazene compounds. The present study demonstrated that 4-diazoimidazole-5-carboxamide and 4-dialkyl triazenoimidazole-5-carboxamides have manifold pharmacological actions and that the major effects of these compounds appear to be markedly different from that of 4 aminoimidazole-5-carboxamide (4, 5), which has no remarkable pharmacological activity.
In the present study on the relation between structure and activity, the pharma cological activities of the compounds tested varied with the length of their carbon chain.
It was found that the depressor activity, as well as the smooth muscle depressant and peripheral vasodilator activities of these compounds increased with increasing length of the carbon chain. 4-Diazoimidazole-5-carboxamide, the synthetic intermediate of tri azeno compounds, however, exhibited either no effect or the reverse effect.
These results suggest that the dialkylamine moiety attached to the diazonium salt plays an important role in producing the pharmacological effects. However, from the fact that the corresponding dialkylamines themselves were inactive, it seems that the tri azene moiety of these compounds is essential for their pharmacological actions as depres sors, smooth muscle depressants, and peripheral vasodilators.
Although the present study provided evidence that the dipropyl, dibutyl and diamyl derivatives were the most effective, the reason for the enhanced activity in these alkyl substituents is not certain, because the size of the alkyl carbon does not affect the rate of conversion of these triazene compounds to diazonium ions and dialkylamines (2) .
Since the acute toxicity of these compounds in mice also increased with increasing length of the carbon chain, the question arises of whether the pharmacological responses to these compounds is associated with their toxicity.
The levels of these compounds which gave pharmacological effects were very low compared with their LD50 values and their effects were observed both in vitro and in vivo.
In considering the active forms of AICA derivatives in relation to their various pharma cological properties, it is of special interest to compare these results with earlier findings that the antitumor activities of these compounds decreased with increasing length of their carbon chain. The mechanism responsible for the fall in blood pressure following the administra tion of these compounds is uncertain. In this connection, the present finding that after spinal C1-section the depressor activity of the test compounds diminished, suggests that the depressor activity is mainly due to a central action and only partly due to peripheral vasodilator activity.
Various cases of flattening of the EEG have been reported as follows.
1) Anesthetics: ether, urethane, etc. eventually cause flattening of the EEG in deep anesthesia (6) . In this study, the flattening caused by these compounds cannot be attributed to their anesthetic action, since AICA derivative do not show any anesthetic properties.
2) It is well known that hypoxia results in flattening of the EEG. It is uncertain whether the test drugs had the effect of contraction or dilatation of the cerebral vessels.
The present compounds produced a fall in blood pressure in rabbits. However, after spinal C1-section, the depressor activity of the test compounds diminished as mentioned above. Since the authors did not test the state of the cerebral blood vessel directly, it is uncertain whether the flattening of the EEG was due to hypoxia. 3) If filter paper soaked in potassium or calcium chloride solution is applied to the cerebral cortex, EEG activity disappears and depression gradually spreads over the cortical surface (spreading depression) (7, 8) . The reason for the appearance of this effect is said to be exposure of the cortical surface, vaso-dilatation and dehydration. However, the disappearance of EEG activity induced by the substances used in our experiments did not show any tendency to spread. (9) noticed that a flat EEG appeared on stimulation of the RF of the cat, which showed large slow waves under chloralosane anesthesia.
4) Moruzzi and Magoun
Our co-workers (10, 11) have reported that a similar flat pattern was evoked by components of Actinidia polygama (jap.: Matatabi). However, with AICA derivatives, there were no positive spikes of 14 and 6 c/s during flattening caused by the components of Actinidia polygama, and the flat pattern caused by AICA derivatives appeared earlier than that caused by components of Actinidia polygama. In addition, Cohen and Barondes (13) reported that puromycin and cycloheximide, both of which inhibit protein synthesis in the brain, induced abnormal electrical activity of the hippocampal region of mouse brain when injected into the temporal region. A record from mice after puromycin injection showed little electrical activity of more than 10 ,uV and an almost total absence of activity at 4 to 6 c/s or other rhythmic activity.
These findings suggest that inhibitors of protein or nucleic acid synthesis suppress or change the electrical activity of the brain and that brain function concerned with memory-storage requires protein or nucleic acid synthesis. So, using diazo-ICA and related compounds, which inhibit nucleic acid synthesis, it will be interesting to study the relation between memory and electrical activity of the brain.
We examined the relation between the structrue and activity of AICA derivatives in flattening EEG. The suppression of the spontaneous EEG increased with increasing number of carbon atoms in the alkyl group of AICA-triazeno derivatives. However, on intravenous administration of equimolar doses of AICA derivatives, 4-diazoimidazole 5-carboxamide had the strongest activity.
These results suggest that 4-dialkyltriazenoimidazole-5-carboxamide is rapidly con verted to the diazonium salt and the dialkylamine in vivo and the diazonium salt plays an important role in causing EEG flattening, and further that the rate of conversion of these triazene compounds to diazonium ions and dialkylamines varied with the size of the alkyl chain. Thus, 4-dibutyltriazenoimidazole-5-carboxamide was the most effective and EEG flattening decreased with decreasing length of the carbon chain. The tendency for cortical and subcortical waves to become flattened on administration of these drugs occurred almost simultaneously, but the change in the EEG tended to disappear in the order Hippo --,.Hypom--Hypo,,,-Amy RF--,.Hypo,: namely it returned to the normal in the reverse way. So, the period of flattening of the Hippo was the longest. It is interesting that the flat EEG of Hypom differed from that of Hypo, : the EEG of Hypom tended to remain flat for longer than that of Hypo,. To see whether the suppression of the EEG occurred in other animals, we examined the effects of AICA derivatives on the EEGs of rats, mice and rabbits (14) . In this ex periment, test were limited to the cortical EEG. In rats and mice, no EEG flattening was observed on administration of 4-dipropyltriazenoimidazole-5-carboxamide 20 mg/kg, but this compound at the dose level of 50 mg/kg tended to flatten the EEG of rabbits. 
